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(57) Abstract: A pharmaceutical composition compris- 
ing an active agent bound to a scaffold for dendritic en- 
capsulation wherein said scaffold iscovalently or non-co- 
valently attached to a polysaccharide. More specifically, 
the invention is directed to active agent complexes or con- 
jugates which utilize dendritic encapsulation alone or in 
combination witii other delivery systems to improve and 
taiget active agent release. 
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DENDRITIC ENCAPSULATION OF ACTIVE AGENTS 

CROSS-RELATED APPLICATIONS 

This j^jplication claims priority to provisional application 60/345,630 filed 
January 8, 2002 which is hereby incorporated by reference in its entirety. 
Field of the Invention 

[001] The present invention relates to active agent delivery systems and methods 
for protecting and administering active agents. More spedficaUy, the invention is 
directed to active agent complexes or conjugates which utilize dendritic 
encapsulation alone or in combination with other delivery systems to improve and 
target active agent release. 

[002] In addition to their common meaning the following terms may further be 
defined as follows. Scaffold: a molecular entity whereby multiple agents can be 
attached to form a dencjritic structure. Dendritic glycopeptide: a construct of 
multiple polysaccharides covalently attached to a central peptide. Dendrite: multiple 
polysaccharides branching fi'om a central scaffold. Ligation: the formation of non- 
covalent bonds between two molecular entities; the energy of the bond being derived 
from lipophilic interactions, hydrogen bonding. Van der Waals forces or ionic 
bonding. 

[003] Therapeutic peptide: a pharmaceutically active molecule that is made of 
amino acids linked through amide bonds. Peptide-drug conjugate: a molecular 
construct comprised of a peptide and a small molecule covalently bonded. Pq^tide is 
meant to include small peptide chains, i.e. 2-10 amino acids, as well as larger 
oligopeptides and polypeptides. 

[004] Internal release mechanism: a mechanism where a masked nucleophilic 
moiety in close proximity to an active agent attached to a cleavage site on the same 
molecule, affects cleavage after the nucleophile is unmasked thereby releasing the 
active agent 

SUMMARY OF THE INVENTION 

[005] The invention provides for a pharmaceutical composition comprismg an 

active agent bound to a peptide scaffold for dendritic encapsulation wherein said 

peptide scaffold is covalently attached to a polysaccharide. The peptide scaffold may 

1 
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serve as a ligand for non-covalent binding of an active agent In one embodiment the 
active agent is a pq)tide-drag conjugate. In another embodiment the peptide 
scaffold serves as a ligand for covalent binding of an active agent The active agent 
for instance may also be an azo compound or a nitro compound 
[006] In another embodiment the active agent is noh-covalently incorporated into 
the higher order structure of the polysaccharide d^drite. In one embodiment of the 
invention, the non-covalent incorporation is a result of ligand-receptor interactim, 
lipophilic interactions. Van der Waals forces, ionic bonding, hydrogen bonding. 
[007] In another embodiment the active agent is covalentiy incorporated into flie 
polysaccharide dendrite. The covalent incorporation may be a result of an azide, 
amide, thioester, disulfide, ester, carbonate, carbamate or uieide bond. Further, the 
active agent may be attached to the scaffold via the side chains, the amino terminal 
residue, the carboxy terminal residue, or combinations thereof. In another 
embodiment, the non-attached portion of the amino acid, oligopeptide, polypeptide 
or polysaccharide is in its natural foim (e.g. unprotected). 

[008] In another embodiment, an active agent is covalentiy attached to a peptide 
and the peptide active agent conjugate is further attached to a polysaccharide 
dendrite. 

[009] Various embodiments of the invention provide for delivery of the active 
agent through mediated release under specific body conditions. For instance, the 
invention may be formulated to release the phannaceutically active compound in the 
colon, small intestine, or stomach depending on the formulation. The inventicm 
provides for the mediated delivery mechanisms, for instance, following oral, 
parenterally, injection or inhalation. 

[010] In another embodiment of the invention, the scaffold comprises a plant 
glycoside. The plant glycoside may be for instance, a glycosylated, flavanol, 
diteipenoid, anthraquinone or like substance. In one embodiment, the plant 
glycoside serves as a scaffold for covalent attachment of a polysaccharide. In 
another embodiment, the plant glycoside serves as a scaffold for non-covalent 
attachment of a peptide active agent conjugate, in other embodiment, the plant 
glycoside serves as a scaffold for covalent attachment of a peptide active agent 
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conjugate. Ici another embodiment, the plant glycoside serves as a scaffold for 
covalent attachment of a small molecule active agent 

[Oil] Further, the invention provides for a phannaceutical composition comprised 
of a peptide (or oligonucleotide) incorporating polysaccharide dendrites for delivery 
of a pharmaceutically active compound wherein the peptide (or oligonucleotide) 
serves as a scaffold for dendritic encapsulation by covalent attachment of 
polysaccharides. Alternatively, the peptide (or oligonucleotide) scaffold may serve 
as a ligand for non-covalent binding of a therapeutic peptide (or peptide-dmg 
conjugate). Further, the peptide (or oligonucleotide) scaffold may serve as a point of 
covalent attachment for the therapeutic peptide (or peptide-dnig conjugate). 
[012] The invention also provides for a phannaceutical composition wherein a 
therapeutic peptide is bound to the peptide (or oligonucleotide) mcoiporating 
polysaccharide dendrites. The therapeutic peptide may be non-covalentiy (e.g. 
ligand-receptor intmction, lipophiliG interactions, Van der Waals forces, ionic 
bonding, hydrogen bonding) attached to the scaffold peptide (or oligonucleotide). 
Alternatively, the therapeutic peptide is covalentiy attached to the peptide (or 
oligonucleotide) incoiporating polysaccharide dendrites. Further, the therapeutic 
peptide may be covalentiy (e.g, azide, amide, thioester, disulfide, ester, carbonate, 
carbamate or ureide bonds) attached via the side chains and/or the amino terminal 
and/or carboxy terminal residues of the scaffold. 

[013] The invention also provides for a pharmaceutical composition wherein a 
peptide containing a pharmaceutically active compound covalentiy attached to it is 
attached to the peptide (or oligonucleotide) containing polysaccharide dendrites, 
(e.g. a peptide-drug conjugate delivered by dendritic encapsulation). 
[014] The invention also provides a pharmaceutical composition comprised of a 
plant glycoside aglycone (e.g., flavanol, diteipenoid or anthraquinonB) which 
incorporates polysaccharide dendrites for delivery of a phannaceutically active 
compound wherein the aglycone serves as a scaffold for dendritic encapsulation by 
covalent attachment of polysaccharides. Alternatively, the aglycone scaffold may 
serve as a ligand for non-covalent binding of a therapeutic peptide (or peptide-drug 
conjugate). The aglycone scaffold may serve as a point of covalent attachment for 
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the therapeutic peptide (or peptide-drug conjugate). Further, the aglycone scaffold 
may serve as a point of covalent attachmmt for a small molecule therapeutic agent. 
[015] The invention also provides a pharmaceutical composition comprised of an 
azo compound or a nitro compound incorporating polysaccharide dendrites for 
delivery of a pharmaceutically active compound wherein the azo co^^)ound or a 
nitro compound serves as a scaffold for dendritic encapsulation by covalent 
attachment of polysaccharides. Alternatively, the azo compound or a nitro 
compound scaffold may serve as a ligand for non-covalent binding of a therapeutic 
peptide (or peptide-drug conjugate), TTie azo compound or a nitro compound 
scaffold may serve also as a point of covalent attachment for the therapeutic peptide 
(or peptide-dnig conjugate). Further, the azo compound or a nitro comi)ound 
scaffold may serve as a point of covalent attachment for a small molecule 
therapeutic agent. In another embodiment the azo compound or nitro compound are 
not scaffolds for dendritic encapsulation. 

[016] The invention provides the ability to design active agent complexes that 

lesult m specific delivery of the active agent. For instance active agents may be 

selectively delivered to the colon via protection of pharmaceutically active agent 

fix)m enzymatic digestion by stomach and small intestinal enzymes. In another 

embodiment, the active agent may be protected from serum en^es, liver 

metabolism, and elimination by kidneys. Additionally, another embodiment 

provides protection of pharmaceutically active agent from enzymes in the 

respiratory tract (e.g. elastase). 

BRIEF DESCRIPTION OF THE DRAWINGS 

[017] Figure 1 provides a diagram of a proposed dendritic construct. 

[018] Figure 2 depicts the structure of A, B and H blood group antigens of mucin, 

[019] Figure 3 depicts a schematic of Quercitin glycoside covalently attached to a 

drug via a carbonate linkage. 

[020] Figure 4 depicts the schematic release of dnig conjugated to an azo 
compound via carbonate linkage. 

[021] Figure 5 depicts the schematic release of drug conjugated to a nitro 
compound via a carbonate linkage. 
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DTCTAHTCn m ssCRIPTION 

[022] For almost all of the drugs in the Pharmacopoeia the majority of absorption, 
if not all of it, occurs in the small intestine. For some drugs, however, absoiption 
may occur in the colon (e.g. analgesics); the relative extent of absorption has not 
been well studied, however. Sustaining the release of drugs would in:q)rove their 
clinical efficacy, especially for drugs requiring multiple dosing or where their 
therapeutic window is somewhat narrow. For those drugs that could benefit ftx)m 
sustained release pharmacokinetics and are absorbed in the colon, providing 
additional availability to the colon would be a significant improvement This 
increased efficacy is more pronounced by the realization that the transit time in the 
colon can be as much as ten times that of the small intestine. 
[023] Some of the drugs that are used to treat ulcerative colitis include 5- 
aminosalicylates (e.g. mesalamine), corticosteroids (e.g. dexamethasone), 
metronidazole, 6-mercaptopurine, methotrexate and cyclosporine. Delivering these 
drugs to the colon specifically should improve their efficacy. Delivery of small 
peptides, such as cyclosporine, to the colon is especially challenging given the 
peptidase activity in the small intestines. Dexamethasone has been delivered to the 
colon by combining it with dextran. Furthermore, both metronidazole and celecoxib 
have been targeted for colonic delivery using guar gum as a carrier. 
[024] Delivery of drugs to certain regions or organs of the body can be 
accomplished by protecting the dmg from decomposition and/or from attachment to 
binding sites prior to the drug reaching the target site. Micellar encapsulation, 
polymeric formulation and enteric coating are a few examples of methods used to 
'•protect'* a drug in vivo. There a very few examples, however, that exploit the 
enzymatic specificity in the colon to affect active agent release from the protective 
agent 

[025] Perhaps the most appropriate protective agent for colonic delivery is a 
polysaccharide and for good reason. Polysaccharides are more resistant to 
hydrolysis in the stomach and small intestines than in the colon. This is because the 
majority of glycosidases that exist in the animal are actually secreted by bacteria and 
the colon has, by far, the greatest population of microflora in a healthy animal. It 
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should be pointed out, however, that there are other classes of compounds known to 
pass throu£|i the small intestines into the colon, whidi include plant glycosides, azo 
compounds and nitro compounds. 

[026] In dendritic encapsulation (Hgure 1), the therq)eutic agent is bound to a core 
molecular entity, the scaffold. The scaffold can be any multifunctional molecule 
allowing for attachment of the then5)eutic agent and at least one saccharide moiety. 
The scaffold is selected from a group consisting of amino acids, carbohydrates, 
purines or combinations thereof Tte therapeutic ageot can be linked to the scafifold 
by a covalait bond that is readily hydrolyzed under physiological conditions Q^e, 
azide, thioester, disulfide, ester, caibonate, caibamate or ureide). Alternatively, die 
scaffold and the therapeutic agent can be non-covalently bound to each other. In 
either case, the scaffold serves as a platform to which multiple polysaccharide chsuns 
can be afGxed. By varying chain length and composition, the polysaccharides will 
provide a shell enclosing the scaffold and the therapeutic agent This "shell*' 
prevents absorption of the therapeutic agent and shields peptidic therapeutic agents 
from digestive enzymes in the stomadi and intestines. Microflora in the colon break 
down the polysaccharide coating exposing the scaffold-therapeutic linkage, making 
it accessible for hydrolysis and release of the drug. 

[027] The digestive properties of the polysaccharides in different organs can be 
used to select the polysaccharide portion of the dendritic construct. For example, 
starch is digested in the small intestines and may not be the ideal polysaccharide for 
dendritic encapsulation. Non-starch polysaccharides, on the other hand, escape 
intestinal digestion and thus may be a viable candidate for dendritic encapsulation. 
Some low molecular weight dietary carbohydrates, such as stachyose and raffinose, 
are not digested in the small intestines. Even some disaccharides, such as lactulose, 
palatinose, maltitol and lactitol have been shown to reach the colon in large 
proportion relative to what was ingested. 

[028] Glycosidases secreted by colonic bacteria are capable of digesting a wide 
variety of carbohydrates. Most of the carbohydrate source is dietary although a 
significant portion comes from mucin that is sloughed off from the intestinal wall 
and is metabolized by mucin oligosaccharide degrading (MOD) bacteriai in the 
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colon. Mucin is a complex glycopq)tide, where the glycan portion is ^ically 
branched and usually consists of reducing sugars, fucose, sialic acid and amino 
sugars. It is important to recognize that the oligosaccharide side chains of mucin 
help protect the peptide core firom proteolytic digestion. Sialic add confers 
significant hydrolytic resistance and dius it is a preferred embodimait of this 
invention that sialic acid be a part of the dendrite composition. Alternatively, A, B, 
or H blood group antigens (Figure 2), which are part of mucin, would also confer 
resistance to hydrolysis in the smaU intestines. B^bacterium, which ate a major 
species in the healthy colon are reported to have unique capabilities to hydrolyze N- 
acetylhexosamines. nius it is a further preferred embodiment of this invention that 
A, B or H blood group antig«is malce up a portion of or all of the deaddte 
composition. 

A. Dendritic Polysaccharide Encapsulation Platform for Peptide Drug Delivery 
[029J The present invojtion provides a means for a pharmaceutical composition 
comprised of a dendritic glycopeptide (i.e. die scaffold and the dendrite) for delivery 
of a phannaceutically active compound. The phannaceutically active compound 
can be a peptide, oligonucleotide or an active agait covalenfly bound to a peptide. 
[030] Peptide-based scaffolds are amaiable to the preparation of combmatorial 
libraries by both chemical and recombmant mefliods. These libraries can in turn be 
screoied to identify candidates that bind the pharmaceutical target tiu-ough non- 
covalent/ligand interactions. Thus, peptides provide a powerful means of generating 
scaffolds suitable for use witii peptide and non-peptide therapeutics that are not 
compatible with an approach tiiat involves chemical/covalent ligation of tiie 
therapeutic agent to tiie scaffold. Thus it is a preferred embodiment of flie invention 
tiiat the peptide serves as a scaffold for dendritic oicapsulation through the covalent 
attachment of polysaccharides. The peptide scaffold also serves as a ligand for non- 
covalent binding of a therapeutic peptide or peptide-drug conjugate. The tho^utic 
peptide is non-covalentiy attached flirough a ligand-receptor interaction, ionic 
bonding, or hydrogen bond to tiie scaffold peptide. Anotfier potential advantage of 
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this approach is that "ligation*' reactions can be carried out under mild aqueous 
conditions, thus preserving the fold and integrity of a peptide therapeutic, 
[031] In anoth^ enibodiment, the recombinant organism can be gen^cally 
engineered to glycosylate the pq)tide scaffold specifically. This would preclude the 
need to covalently add the polysaccharide dendrite. 

[032] Further, the peptide scaffold may serve as a point of covalent attachment for 
the therapeutic peptide or peptide^irug conjugate. The pharmaceutical conqxisition 
of the present invention allows for the therapeutic peptide to be covalently attached 
to the dendritic glycopeptide. In this case the therapeutic peptide is covalently 
attached via an azide, amide, thioester, disulfide, ester, carbonate, carbamate or 
ureide bond to the side chains and/or the amino terminal and/or carboxy temunal 
residues of the scaffold. 

[033] In a further embodiment of the invention, the peptide therapeutic agent or 
therapeutic agent/peptide conjugate is attached to the peptide scaffdld via a linker. 
In this case the linker is covalently attached via an azide, amide, thioester, disulfide, 
ester, carbonate, carbamate or ureide bond to the side chains and/or the amino 
terminal and/or carboxy terminal residues of the scaffold. The linker, then, is 
exposed to cleavage by intestinal enzymes after the polysaccharide dendrite is 
cleaved off the scaffold by bacterial glycosidases. 

[034] The present invention also embodies a pharmaceutical composition wherein 

a peptide containing a pharmaceutically active compound covalenfly attached to it is 

also attached to a dendritic glycopeptide. For example, a peptide-drug conjugate 

delivered through the present dendritic encapsulation composition. 

B. Dendritic Polysaccharide Encapsulation Platform for Small Molecule Drug 
Delivery 

[035] Another embodiment of the present invention includes a phannacaitical 
composition wherein a pharmaceutically active small molecule is delivered to the 
colon. One advantage of the present invention is the specific delivery to the colon of 
pharmaceutically active compounds through protection of the active agent fiiom 
enzymatic digestion by stomach and enzymes in the small intestine. This allows for 
improved delivery of the active agents to the colon. 

8 



wo 03/057716 



PCT/DS03/00379 



[ft36] It is an embodiment of the invention that the phannaceuticaUy active agent 
be dendriticaily encapsulated with a polysaccharide covalently attached to a 
scaffold. A further embodiment of the invention is that the scaffold is a peptide or 
oligonucleotide. 

[037] In yet a further embodiment of the invention the scaffold is a flavanol, 
diterpehoid or anthraquinone. Flavanols (e.g. quercitm), diterpenoids (e.g. 
stevioside), or anthraquinones (e.g., franguloside) are the aglycone portion of plants 
glycosides. Some of these plant glycosides are not absorbed in the small intestine 
and thus make it to the colon. Colonic microflora secrete Prglycosidases that can 
metabolize plant glycosides releasing the aglycone from the sugar moiety. 
[038] In an embodiment of this invention, an aglycone component of a glycoside 
can either be covalently attached to the active agent or ligated to the active agent 
through non-covalent bonding. In the case where the aglycone is covalently 
attached to the active agent, bacterial glycosidase action will release Ihe aglycone, 
thus freeing up a hydroxyl group that, in turn, participates in an intramolecular 
rearrangement releasing the active agent intact Thus it is a ftirther embodiment of 
this invention that active agents can be released iBrom a protective agent by an 
internal release mechanism (IRM) that is available only after enzymatic action 
occurs on the entire pharmaceutical construct (Figure 3). In the case where the 
aglycone is not covalently attached the peptidase action will release the active agent 
by dissociation and no internal release mechanism is required for active agent 
release. 

[039] In another embodiment of the invention the scaffold is an azo compound or a 
nitro compound. Colonic bacteria possess the unique capability of reducing azo 
groups and nitro groups to amines. An active agent can be covalently attached to a 
molecule that also has an azo group (Figure 4) or a nitro group (Figurc-5) in close 
proximity to the active agent bond. The polysaccharide dendrite is not shown in the 
figures but can be attached anywhere on the scaffolds. Further, if the azo scaffold or 
nitro scaffold can pass through the small intestines without being absorbed a 
polysaccharide dendrite would not be necessary. 
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[040] An appropriately designed active agent conjugate will pass through the small 
intestines to the colon. In the colon, azpreductase or nitroreductase action will 
reduce the functionality to an amino group, which is now available for 
intramolecular cleavage of the bond that holds the active agent Thus, it is a further 
embodiment of this invention to apply the IRM to masked amino groups as well. It 
is a preferred embodiment that the masked amino group be an azo compound or a 
nitre compound. 

C. Dendritic Polysaccharide Encapsulation Platform for Drug Delivery Other 
than Colonic 

[041] Another embodiment and advantage of the present invention is a 
pharmaceutical composition wherein a pharmaceutically active compound may be 
delivered parenterally. The preset composition provides protection of 
pharmaceutically active compounds for example from serum enzymes, liver 
metabolism, and elimination by kidneys. 

[042] Another advantage and embodiment of the present invention allow for a 
pharmaceutical composition wherein a phannaceutically active compound is 
delivered by inhalation. The pres»t composition provides protection of 
pharmaceutically active compound from enzymes in the respiratory tract for 
example, elastase. 

[043] Other embodiments and advantages will be apparent from the non-limiting 
examples described below. 
Examples 

Hydrocodone, an opioid antagomst, was chosen as a model compound for the 
hypothesis that conjugates of opioid drugs can afford extended release. 
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Example 1: Preparation of the Chloroformate of 2.3-0-isopropvlidene-l-iiietfaoxv-D- 
ribofuranosc 



HO 




20% Phosgene 
in toluene 



0 

\c2^0Me 



Reagents 


MW 


Weight 


mmoles 


Molar Equivalents 


2,3-0-isopropyIidene-l-methoxy-D- 
ribofiiranose 


204 


l.OOg 


3.85 


1 


20% Fbosgene in toluene 




25iiil 







Chlorofonnalc of 2;3-0-isopropylidene-l-nielhoxy-D-ribofuranose 

[044] To a stirring solution of 20% phosgene in toluene under an inert atmosphere was 
added 2,3-0-isopropylidene-l-methoxy-D-ribofuranose via syringe. The resulting 
clear, coloiiess solution was stirred at ambient temperature for 30 minutes. After 
stirring, Ar(g) was bubbled through the solution for approximately 20 minutes to 
remove any excess phosgene. Solvent was then removed and product dried under 
vacuum for 18 hours. Product was used without further purification or characterization. 
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Example 2: Preparation of Ribo-HvdrDcodone 




Reagents 


MW 


Weight 


imnoles 


Molar Equivalents 


1. Hydrocodone 


299 


0.733g 


2.45 


1.0 


l.UN(TMS)2inTHF 


IM 


3.68ml 


3.68 


1.5 


l.DMF 




Sml 






2. Ribose Chlorofonnate 






4.90 


2.0 


2.DMF 




3ml 






3. IM HQ 


IM 


10ml 







[04S] To a solution of hydrocodone in DMF was added UN(TMS)2 in THF via 
syringe. The solution was stirred at ambient temperatures for 5 minutes then the 
chlorofonnate of ribose in DMF was added via syringe. The resulting solution was 
stirred at ambirat temperatures for 2 hours. A TLC was taken (9:1 CHCUrMeOH; UV 
and 5% H2SO4 in MeOH; Rf(product) = --0.5). Reaction was neutralized to pH 7 with IM 
HCl. Solvent was removed. Crude product was taken up in CHQa (50nil), washed 
with water (3 X 50m]), dried over MgS04, filtered and solvent removed. Final product 
was purified using preparative HPLC (IQmM CH3COONH4 / MeCN; 0-26mm: 80/20 

12 
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-> 0/100). Solid was collected as a clear, colorless gjass (0.095g, 7% yield): 'HNMR 
(DMSOde) 6 1.26 (s. 3H), 1.39 (s, 3H), 1.50 (m, 2H), 1.89 (s, 4H), 2.08 (m, 2H), 2.29 
(s, 4H), 2.40 (m, 2H), 2.88 (d, IH), 3.08 (m. IH), 325 (s. 3H), 3.73 (s, 3H), 4.12 (m, 
2H), 4.28 (t, IH), 4.58 (d, IH), 4.72 (d, IH), 4.97 (s, IH), 4.98 (s, IH), 5.70 (s. IH), 
6.66 (d, IH), 6.75 (d, IH). MS Calculated mass = 529.2 Found = 530.4 (M+H). 
[046] To tbe protected ribose intennediate was added lOml of IM HCl. The resulting 
solution was stiired at ambient temperatures for 2 hours. Solvent was removed and 
final product dried under vacuum. Solid was collected as a waxy, slightly yellow solid 
(0.092g, quant): 'H NMR (DMSO-d<i) 6 1^1 (t, IH), 1.83 (d, IH), 2.41 (dt, IB). 227 
(t, IH), 2.63 (dd, IH), 2.80 (s. 3H), 2.96 (m. 2H), 3.20 (m, IH), 3.75 (s, 3H), 3.824J4 
(br m, 12H), 5.15 (s, IH), 5.72 (s, IH), 6.75 (d, IH), 6.88 (d, IH), 1 1.37 (br s, IH). 

Preparation of the Chloroformate of l^:3,4-cli-(7-isopropylidene-D> 
galactopyranose 



0 




Reagents 


MW 


Weight 


mmoles 


Molar Equivalents 


l^:3,4-di-0-isopropylidene-D- 
galaclopjranose 


260 


1.00g 


3.85 


1 


20% Phosgene in toluene 




20nd 







Chloroformate of l^:3,4-di-0-isopropylidene"D-galactopyranose 

[047] To a stirring solution of 20% phosgene in toluene under an inert atmosphere was 

added l,2:3,4-di-0-isopropylidene-D-galactopyranose via syringe. The resulting clear, 

colorless solution was stirred at ambient temperature for 30 minutes. After stiiring, 

Ar(g) was bubbled through the solution for approximately 20 minutes to remove any 
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excess phosgene. Solvent was then removed and product dried under vacuum for 18 
hours. Product was used without furflier purification or characterization. 
Preparation of Galacto-Hydrocodone 




Reagents 


MW 


Weight 


mmoles 


Molar Equivalents 


1. Hydrocodone 


299 




0.75 


1.0 


l.LiN(TMS)2iiiTHF 


IM 


LlSml 


1.13 


1.5 


1.DMF 




5ml 






2. Galactose Chloroformate 






1.49 


2.0 


2.DMF 




3nil 






3.1MHa 


IM 


SOml 






3. Acetone 




20inl 







Galacto-Hydrocodone 

[048] To a solution of hydrocodone in DMF was added IiN(TMS)2 in THF via 
syringe. The solution was stirred at ambient temperatures for 5 minutes then the 
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diloiofonnate of galactose in DMF was added via syringe. The resulting solution was 
stirred at ambient temperatures for 2 hours. A TLC was taken (9:1 CHClstMeOH; UV 
and 5% H2SO4 in MeOH; Rftproduct) = --0.5). Reaction was neutralized to pH 7 with 6M 
HQ. Solvent was removed. Final product was purified using preparative TLC (0-10% 
MeOH in CHCl^). Solid was collected as a white powder (O.lSOg, 41% yield): 'H 
NMR (DMSO-d^) 8 1.28 (2s, 6H), 1.37 (s, 3H), 1.44 (3, 3H), 1.49 (m, 2H), 1.88 (dt, 
IH), 2.08 (m, 2H). 2.29 (s, 4H), 2.40 (m, 2H), 2.90 (d, IH), 3.09 (s, IH), 3.73 (s. 3H), 
3.99 (dd, IH). 4.14 (t, IH), 426 (dt, 2H), 4.39 (d. IH). 4.63 (d. IH). 4.95 (s, IH), 5.48 
(d, IH), 5.68 (d, IH). 6.65 (d, IH), 6.74 (d, IH); MS Calculated mass = 585.6 Found = 
586.4 (M+H). 

[049] To the protected galactose intermediate was added 30ml of IM HCl and 20ml 
acetone. The resulting solution was stirred at ambient temperatures for 3 hours. 
Solvent was removed and final product dried under vacuum. Solid was collected as a 
white solid: MS Calculated mass = 505.5 Found = 506.4 QA+H). 

Genera] Scheme for the Preparation of Disaccharide-Hydrocodone Conjugates 
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(1) 




[050] The protected mannofiiranose (1) has been converted to the trichloroacetimidate 
(2) as described below. Based on literature precedent, this can in turn be coupled to an 
orthogonally protected xylose (3), which affords the corresponding disaccharide (4). 
Disaccharide formation is promoted by the addition of a catalytic amount of acid Use 
of an orthogonal protection scheme allows the selective removal of the silyl protecting 
group using tetrabutyl anmionium fluoride in the presence of the isopropylidene groups, 
affording the free primary alcohol (5). Employing methods already described in the 
preparation of galactose and ribose conjugates, this alcohol can then be converted to the 
chloroformate (6) and in turn coupled to the hydrocodone-enolate (7), resulting in the 
carbonate (8). Deprotection of (8) using standard protocols affords the hydrocodone- 
disaccharide conjugate (9) 
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Prqiaration of the trichloroacetimidate of mannoftiranose (2): 

[051] Dissolved 2,3:5,6-Di-0-isopropyIidene-D-mannoftiranose (1, 0.50g, 1.9inmol) 
in Sml of anhydrous dichloroxnethane. Then, trichloroacetonitrile (0.jS7ml, 6.7mmoI) 
was added to the solution followed by dry K2Cd3 (0.54g, 0 3.8 mmol). The reaction 
was then allowed to stir over night at room temperature under argon. Qualitative thin- 
layer dhiomatography (2:1 hexanes/acetone) of the reaction mixture indicated that the 
desired trichloroacetimidate had been formed, based on the disappearance of the spot 
corresponding to the mannofuranose starting material that correlated with the 
appearance of a new faster-running spot This is consistent with literature precedence. 
The reaction was then filtered througji fritted glass and the filtrate collected and freed of 
solvent by rotary-evaporation under high vacuum. This resulted in a viscous oil that 
sohdified with storage over night under high vacuuno. 
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CLAIMS: 

1. A pbannaceutical composition oompiiang an active agent bound to a 
peptide or oligonucleotide scaffold for dendritic encqjsulation wherein said pqptide or 
oligonucleotide scaffold is covalendy attached to a polysaccharide. 

2. The pharmaceutical composition of claim 1, wherein the peptide or 
oligonucleotide scaffold serves as a ligand for non-covalent binding of an active agent. 

3. The pharmaceutical compositions of claim 2, wherein said active agent is 
a peptide-drug conjugate. 

4. The pharmaceutical conq)ositions of claim 1, wherein said active agent is 
a peptide-<lrug conjugate. 

5. The pharmaceutical composition of claim 1, wherein the peptide or 
oligonucleotide scaffold serves as a ligand for covalent binding of an active agent 

6. The pharmaceutical conipositions of claim 5, wherein said active agent is 
a peptide-<]rug conjugate. 

7. The pharmaceutical compositions of claim 6, wherein said active agent is 
a peptide-drug conjugate. 

8. The pharmaceutical composition of claim 1, wherein said active agent is 
non-covalentiy incorporated into the higher order structure of the polysaccharide 
dendrite. 

9. The pharmaceutical composition of claim 8, wherein said nori-covalent 
incoiporation is a result of ligand-receptor interaction, Upophilic interactions. Van der 
Waals forces, ionic bonding, hydrogen bonding. 

10. The pharmaceutical composition of claim 1, wherein said active agent is 
covalentiy incorporated into said polysaccharide dendrite. 

11. The pharmaceutical composition of claim 1, wherein said covalent 
incorporation is a result of an azide, amide, tfaioester, disulfide, ester, carbonate, 
carbamate or ureide bond. 
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12. The phannaceutica] composition of claim 11, wherein said bond is 
attached to the scaffold via the side chains, the amino tenninal residue, the carboxy 
terminal residue, or combinations thereof. 

13. Pharmaceutical composition con5)rising an active agent covalently 
attached to a peptide wherein said peptide active agent conjugate further attached to a 
polysaccharide dendrite. 

14. The pharmaceutical composition of claim 1, whaein said 
pharmaceuticaUy active compound is release in the colon. 

15. The phamiaceutical composition of claim 14, wherein said idease 
follows oral administration. 

16. The pharmaceutical composition of claim 1, wherein a pharmaceuticaUy 
active agent is delivered parenterally. 

17. The pharmaceutical composition of claim 1, wherein a pharmaceuticaUy 
active compound is delivered by inhalation. 

18. The phamaceutical composition of claim 1, wherein said scaffold 
comprises a plant glycoside. 

1 9. Hie pharmaceutical composition of claun 1 , wherein said plant glycoside 
is selected from flavanol, diterpenoid or anthraguinone. 

20. The phannaceutical composition of claim 1, wherein said plant glycoside 
serves as a scaffold for covalent attachment of a polysaccharide. 

21. The pharmaceutical composition of claim 1 , wherein said plant glycoside 
serves as a scaffold for non-covalcnt attachment of a peptide active agent conjugate. 

22. The pharmaceutical composition of claim 1, wherein said plant ^ycoside 
serves as a scaffold for covalent attachment of a peptide active agent conjugate. 

23. The pharmaceutical composition of claim 1, wherem said plant glycoside 
serves as a scaffold for covalent attachment of a small molecule active agent. 

24. A pharmaceutical composition comprised of a peptide (or 
oligonucleotide) incorporating polysaccharide dendrites for delivery of a 
pharmaceuticaUy active compound wherein: 
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(i) the peptide (or oligonucleotide) serves as a scaffold for dendritic 
encapsulation by covalent attachment of polysaccharides; 

(ii) additionally, the peptide (or oligonucleotide) scaffold may serve as a ligand 
for non-covalent binding of a therapeutic peptide (or peptide-dnig conjugate) 

(iii) further, the peptide (or oligonucleotide) scaffold may s^e as a point of 
covalent attachment for the therapeutic peptide (or amino acid polymernlnig conjugate). 

25. The pharmaceutical composition of claim 24 wherein a therapeutic 
pqptide is bound to the peptide (or oligonucleotide) incorporating polysaccharide 
dendrites, 

26. The pharmaceutical composition of claim 24 wh^in the therapeutic 
pq}tide is covalentiy attached to the peptide (or oligonucleotide) incorporating 
polysaccharide dendrites. 

27. The pharmaceutical composition of claim 24 wherein a peptide 
containing a pharmaceutically active compound covalentiy attached to it is attached to 
the peptide (or oligonucleotide) containing polysacdbaride dendrites. 

. 28. The pharmaceutical composition of claim 24 wherein a pharmaceutically 
active compound is delivered to the colon. 

29. The pharmaceutical composition of claim 24 wherein a pharmaceutically 
active compound is delivered parenteraily. 

30. The pharmaceutical composition of claim 24 wherein a pharmaceutically 
active compound is delivered by inhalation. 

31. A pharmaceutical composition comprised of a plant glycoside aglycone 
(e.g., flavanol, diteipenoid or anthraquinone) incorporating polysaccharide dendrites for 
delivery of a phannaceutically active compound wherein: 

(i) the aglycone serves as a scaffold for dendritic encapsulation by covalent 
attachment of polysaccharides; 

(ii) additionally, aglycone scaffold may serve as a ligand for non-^ovalent 
binding of a therapeutic peptide (or peptide-drug conjugate) 

(iii) further, the aglycone scaffold may serve as a point of covalent attachment 
for the therapeutic peptide (or peptide-drug conjugate) 
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(iv) further, the aglycone scaffold my serve as a point of covalent attachment 
for a small molecule therapeutic agent 

32. Pharmaceutical composition comprised of an azo compound or a nitro 
compound incorporating polysaccharide dendrites for delivery of a pharmaceutically 
active compound wherein: 

(i) the azo compound or a nitro compound serves as a scaffold for dendritic 
encapsulation by covalent attachment of polysaccharides; 

(ii) additionally, azo compound or a nitro compound scaffold may serve as a 
ligand for non-covalent binding of a therapeutic peptide (or peptide-dnig conjugate) 

(iii) further, the azo compound or a nitro compound scaffold may serve as a 
point of covalent attachment for the therapeutic peptide (or peptide-drug conjugate) 

(iv) further, the azo compound or a nitro compound scaffold may serve as a 
point of covalent attachment for a small molecule therapeutic agent. 

33. Pharmaceutical composition of claim 34, wherein the azo compound or 
nitro compound are not scaffolds for dendritic encapsulation. 

34. A pharmaceutical carrier comprising: 

(i) a peptide or oligonucleotide dendritic scaffold, and 

(ii) a dendrite comprising a plurality of polysaccharides covalently bonded to 
said peptide or oligonucleotide dendritic scaffold. 

35. The phannaceutical carrier of claim 34, further comprising an active 

agent. 

36. The pharmaceutical carrier of claim 35, wherein said active agent is 
covalently attached to said dendritic scaffold. 

37. The pharmaceutical carrier of claim 35, wherein said active agent is non- 
covalently attached to said dendritic scaffold. 

38. The pharmaceutical carrier of claim 35, wherein said active agent is 
covalently attached to said polysaccharide. 

39. The pharmaceutical carrier of claim 35, wherein said active agent is non- 
covalendy attached to said polysaccharide. 
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FIGURE 1. Diagram of a dendritic constnxt 
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FIGURE 2. Structure of A, B and H blood group antigens of mucin. 
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FIGURE 3. Schematic of Quercitin glycoside covalently attached to a drug via a 
carbonate linkage. Tbe internal release mechanism is shown in the second step after 
glycosidase action. 
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FIGURE 4. Schematic showing release of drug conjugated to an azo compound via 
carbonate linkage. The second step shows BRM after azoreductase action. 
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FIGURE S. Schematic showing release of drug conjugated to a nitro compound via a 
carbonate linkage. The second step shows DRM after nitroreductase action. 
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